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(S) Method of and apparatus for producing a strip of 
continuous system. 

(g) Lead frames for microchips and other inte- 
grated circuit dies are produced by a continu- 
ous manufacturing method and apparatus in 
which silver spot plating is done prior to etching 
away unwanted portions of the lead frame sub- 
strate. A flexible substrate of a metal alloy is fed 
continuously from a reel, then spot plated with 
silver, coated with a photosensitive material, 
and exposed to intensive light in an exposure 
chamber using a photoresist or masking tool of 
predetermined design. The exposed photosen- 
sitive material is developed chemically, etched 
in acid, and placed in a chemical solution to 
remove any remaining unwanted material. The 
strip is then dried, cut to predetermined lengths 
and boxed for shipment. If necessary, the strip 
is downset and taped before packaging. In a 
presently preferred process, the metal alloy 
substrate is 42 alloy (Fe + Ni), and the selective 
spot plating is silver 100 to 150 microinches (2.5 
to 3.8 mucrons) thick. The silver does not dis- 
solve in the etchants and therefore has to be 
removed from exposed areas, preferably by 
"reverse" plating techniques. 
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This invention relates to the production of lead 
frames for microchips and similar integrated circuit 
dies, and more particularly concerns a method and 
apparatus for automatically and continuously produc- 
ing a strip of lead frames. 

Lead frames for Integrated circuit dies, such as 
microchips, have not heretofore been produced in a 
single continuous manufacturing method or machine. 
For example, in prior art methods it has been the prac- 
tice to perform the plating step in a single operation 
which is performed after the lead frame has been 
man'rfactured (etched). In the system of the invention, 
a preplating step takes place before the lead frame is 
formed (etched). 

An important object of the present invention is to 
produce a strip of lead frames in a single continuous 
process and machine. It is a feature of the present 
invention that functional areas of a continuous strip 
are pre-plated prior to removing unwanted areas from 
the strip by etching. 

It is another feature of the present invention that 
slack is introduced at several positions into the con- 
tinuously fed strip so that the strip may be stopped at 
or near those positions to permit work to be performed 
thereon. 

An important advantage of the system of the pre- 
sent invention is that the time of the manufacturing 
process is greatly reduced, for example from days to 
less than an hour, and in a specific presently preferred 
method to about twenty minutes. 

Another advantage is thatthe continuous process 
is repeatable resulting in a significant increase in qual- 
ity and a reduction or elimination of error by avoiding 
multiple handling of the work product. 

Apparatus is provided for producing lead frames 
for microchips or integrated circuit dies in a continu- 
ous process. In a presently preferred machine, the 
apparatus includes: means for feeding continuously a 
strip of flexible platable metal material which serves 
as a substrate; means for applying a copper strike to 
the substrate; means for selectively spot plating the 
substrate with silver at predetermined precise loca- 
tions; means for laminating a photosensitive film onto 
both faces of the silver plated substrate; means for 
positioning a specific opaque design in registry on 
both faces of the laminated substrate; means for 
exposing to high intensity light the photosensitive film; 
means for developing the film; means for washing 
away the non-exposed portion of the film and keeping 
the portion of the film which has been exposed to light 
and developed; means for removing the thus exposed 
silver metal plating from the surface of the substrate; 
and means for etching away the areas of substrate 
which are exposed when the non-exposed portion of 
the film is washed away. All of the forgoing means per- 
form their respective work on the substrate as it 
moves continuously through the apparatus. By provi- 
ding slack areas, movement of the substrate may be 



stopped momentarily at certain positions to permit 
work to be done thereon, for example, when the spot 
silver plating is applied and when the film is exposed 
in the exposure chamber, all without interrupting the 
5 continuous feed of the strip from a reel or other 
source. 

The invention will now be further described by 
way of example with reference to the drawings, in 
which: 

10 Fig. 1 , (which comprises Figs. 1 (a), 1 (b) & 1 (c)) is 
a diagrammatic illustration of one form of 
apparatus constructed according to the present 
invention; and 

Fig. 2 illustrates a portion of a continuously deli- 
15 vered strip as it appears when it is near the output 
end of the apparatus of Fig. 1, and shows a mini 
strip of six lead frames. 

Referring now to Fig. 1, reference numeral 1 iden- 
tifies a feed or pay-out station or zone 1 which is a 
20 mechanical-electronic handing machine for feeding a 
strip of metal substrate material from coils at.a rate of 
50 to 200 inches per minute. The feed rate is adjust- 
able to accommodate the width of strip, the size of the 
arbor of reel, and the desired speed of delivery. This 
25 type of feed system is available commercially from 
various manufacturers, and may be obtained, for 
example, from Sung Je Co., 705-716 Kuro 2 Dong, 
Kuro-Ku, Seoul, South korea. The apparatus used in 
the present invention is a commercial machine mod- 
ified to meet the particular needs of the present appli- 
cation, as illustrated in Fig. 3. 

The strip or substrate material may be an alloy of 
iron and nickel, preferably 42 alloy (Fe + Ni), but may 
be any platable metal or flexible circuit material used 
in what is known as "flex circuits", especially copper 
and alloys of copper. 

Reference numeral 2 identifies an electroclean- 
ing station or zone 2 at which the substrate is electroc- 
leaned, preferably by an alkaline based solution. This 
station 2 cleans oil, soil, and dirt from the substrate 
material. 

Located between stations 1 and 2 is a power roller 
1a, slack apparatus 1b, and a guide roller 1c. Here 
slack is introduced into the continuously fed sub- 
strate. The purpose of introducing slack at this point 
is to allow for joining the back end of the substrate of 
a preceding reel to the front end of the substrate of a 
following reel. The feed mechanism stops when the 
reel of material runs out. After joining the material of 
the two reels, the feed is restarted. 

Following station 2, at which the strip or substrate 
is electrocleaned, the strip is given a cold tap water 
rinse (CTWR) at stations 3 and 4 to remove chemicals 
from the surface of the strip. The electrocleaner is 
alkaline and must be removed prior to the microetch 
which is acidic. Next, the strip is microetched at sta- 
tion 5 by a chemical, preferably acidic, to produce a 
microetch on the surface of the substrate material. 
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The purpose of the microetch is to roughen the sur- 
face and to increase the surface area thereby to pro- 
mote adhesion of the subsequently applied 
photosensitive mask material and also to promote 
adhesion of the encapsulation material which is 
applied to the lead frame after the chip or integrated 
circuit die is placed into position and bonded onto the 
lead frame. After passing through the microetch sta- 
tion 5, the strip is subjected to a cold deionized water 
rinse (CDIR) at station 6 to remove any chemical from 
the surface and to lessen the contaminants which 
could cause problems in the next zone. Next, at sta- 
tion 7, the strip is subjected to acid activation, prefer- 
ably by hydrochloric acid, to chemically remove any 
oxides from the surface and grain boundaries. The 
grain boundaries are areas between the grains of 
metal. The strip is then given another cold deionized 
water rinse (CDIR) at station 8. 

Following station 8, the strip is subjected to a cop- 
per strike at station 9 the purpose of which is to pro- 
mote the adhesion of subsequently applied additional 
plating to the substrate. The copper plated strip has a 
thickness of five to ten microinches. This copperstrike 
is more important to substrates of iron alloys but may 
also be used on copper material in that it acts as a 
cleaner. 

At the next or drag-out (D.O) station 10, the sub- 
strate is subjected to a spray rinse to lessen the 
amount of contaminant in the machine's effluents. 
The drag-out system is composed of a spray cell and 
a reservoir. It is a closed system with no access to the 
effluent system. It is called a drag-out because it 
drags out and captures chemicals and metals. Next, 
at station 11, the substrate is subjected to a cold 
deionized water rinse (CDIR). 

Power rollers 11a and 12a then put slack into the 
strip at station 12. Power rollers 11a and 12a are 
synchronized. The slack in the material is predeter- 
mined. The rollers maintain the slack in the substrate 
material in zone 12. The power rollers are controlled 
by a mechanical-electronic unit which moves the strip 
material at a given rate through the apparatus. Slack 
areas at 12 and 15 are necessary because the silver 
spot plating apparatus at station 1 3 is a register-stop- 
register machine. 

At station 13, the substrate is selectively spot 
plated with silver using a mask of predetermined 
design. While silver is preferred, gold or other platable 
metal may be used. The thickness of the plating is 100 
to 150 microinches. The equipment at station 14 
includes registration apparatus which places the sub- 
strate in precise position for plating. The plating cycle 
is as follows: register the strip; close the plating mask; 
turn on the chemical pump to move silver solution 
from 80 gallon reservoir to the plating mask cell; turn 
on direct current (DC) for 2-5 seconds; turn off DC; 
turn off pump; open mask; register. The spot plating 
cycle takes place in a total time of 6-12 seconds, 



dependent upon required thickness of silver. 

Following the silver spot plating at stations 1 3 and 
14, the spot plated substrate moves through a 
mechanical-electronic slack and drag out station 1 5. 

5 This equipment is similar to that at station 12. Next, 
at stations 16 and 17, the silver plated substrate is 
subjected to a cold deionized water rinse similar to 
that at station 1 1 but longer to guarantee that the ma- 
terial is free of all traces of chemicals which, if present, 

10 would interfere with adhesion. 

At the next station 18 the substrate passes 
through an air knives machine which blows liquid off 
all of the surfaces of the substrate including its plated 
areas. Th is apparatus uses jets of clean dry compres- 

15 sed air to break up the adhesion of the aqueous film 
to the metal. 

The next station 19 is a drying station where for- 
ced hot air is directed at the strip from heat guns which 
may be of the hair dryer type. These guns are desig- 

20 ned to completely dry the strip material whether it is 
moving at a low speed of 50 inches per minute or at 
a much higher speed, as high as 200 inches per 
minute. At slack station 20, the strip runs through ma- 
terial movement apparatus similar to that at slack sta- 

25 tions 12 and 15. Power rollers 19a put slack into the 
strip, and nonpowered guide rollers 20a guide and 
align the strip. 

Next, at station 21 , the strip is laminated with a 
photosensitive film material. The basic laminating 

30 equipment is commercially available in a unit sold 
under a trademark DYNA-CHEM by Western Mag- 
num Corp., 600 Fairport Street, Elsegundo, California 
90245. The basic unit was engineered to meet the 
requirements of the system of the invention. This unit 

35 feeds dry photomask film material through a series of 
rollers to apply the film simultaneously to both faces 
of the metal substrate. While dry photomask film is 
used in the presently preferred apparatus, the method 
is also adaptable to wet film apparatus. The strip at 

40 slack station 22 passes through additional material 
movement apparatus similar to those at slack stations 
12, 15 and 20 to introduce slack into the strip and to 
guide it. The strip is not stopped in the laminating zone 
21. The purpose of the slack zones 20 and 22 is to 

45 allow time for joining the end of one roll of dry lami- 
nating film to the next roll without shutting down the 
machine. The dry film comes in a roll 1000 feet long 
and is depleted every two hours. 

Station 23 is an exposure chamber where a 

so matched set of glass plates which have a specific opa- 
que design are aligned simultaneously with the strip 
and with each other. The strip is placed in the expos- 
ure chamber 23 in a precise position or as nearly pre- 
cise as is possible by the registration equipment at 

55 station 24. The two glass plates are closed upon the 
stopped film-coated substrate, the shutters are 
opened and the strip is exposed to a high intensity 
light The shutters are then closed and the glass 
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plates opened, La retracted from the substrate. 
Those areas of film which were exposed are retained 
in the development chemistry. Unexposed areas are 
washed away, leaving any unwanted silver or copper 
plating on the substrate exposed to later applied etch 
solutions. After the glass masks are retracted from the 
substrate, the registration cycle begins anew at sta- 
tion 24. This registration apparatus is similar to that 
described in connection with station 14. The function 
of the registration apparatus is to stop the substrate 
in a location related to the previously preplated silver 
spot. The exposure time is about 4 seconds. The full 
cycle takes about 7 seconds. The process in station 
24 may be referred to as "negative resist" process. 
However, the process of the present invention may 
also use a "positive resist" method. 

Following exposure and registration at stations 
23 and 24, slack is again introduced into the substrate 
at station 25. The film is then developed at station 26 
where the substrate is subjected to a solution desig- 
ned to wash away any film not exposed to the high in- 
tensity light (negative resist). The strip then passes 
through a hot water rinse (HTWR) at stations 27 and 
28. Hot water is used to remove all traces of develop- 
ing chemical. 

In the next station, 29, the exposed silver is 
removed from the strip by "reverse" plating, La the 
strip is made the anode. The removed silver is rec- 
laimed. This is a unique and important step in the con- 
tinuous method of the present invention. Silver does 
not dissolve in the etchants and therefore the exposed 
silver must be removed from the areas where the 
unexposed film has been washed away leaving the 
silver exposed. In other words, the selective or spot 
silver plating which was applied at station 13 and 
which is now exposed must be removed from the sur- 
face of the substrate. If not removed, it would interfere 
with the etch of the substrate in subsequent proces- 
sing. 

At drag-out (D.O.) station 30, the substrate is sub- 
jected to a spray rinse from the 30 gallon reservoir 
tank to lessen the amount of contaminant in the 
machine's effluents. The liquid in the 30 gallon tank 
has a lower concentration of metals and chemicals. 
The substrate is then given a cold tap water rinse 
(CTWR) at station 31 to remove chemicals from the 
surface. The strip then passes through power roller 
31a and guide roller 31b en route to five similar etch 
chambers or stations or zones 32-1 to 32-5. In these 
five chambers, etchant, preferably ferric chloride 
(FeCI3) but sometimes copper chloride (CuCI2), is 
sprayed upon exposed areas of substrate which is 
moving through the apparatus at a speed which may 
be as low as 50 inches per minute or as high as 100 
inches per minute. Each chamber is operated inde- 
pendently. All five stations 32-1 to 32-5 may be opera- 
tive or certain stations may be turned off, depending 
upon the thickness of the substrate to be removed and 



the design of the pattern. For example, where the ma- 
terial is .010 mil thick, an etch time of 4.5 minutes may 
be required. It is in the etch chambers 32-1 to 32-5 that 
the lead frames are formed. 

5 Following etching, the substrate is given a hot tap 

water rinse (HTWR) at stations 33 and 34 for the pur- 
pose of removing residuals of the etchant from the 
surface. The preferred etchant is ferric chloride whose 
salts are readily dissolved in hot tap water. It is neces- 

10 sary to remove all traces of the ferric chloride as other- 
wise it continues to react with the substrate. Next, 
power roller 34a moves the strip to silver strip station 
35 where silver is removed. The purpose is to remove 
extraneous silver from areas of the substrate where 

is the silver did not dissolve in the etchant, for example 
under the edges of the resist. In the etch operations 
in chambers 32-1 to 32-5, the etchant extends down- 
ward and sideways through the substrate leaving an 
overhang of insoluble silver which must be removed 

20 so as not to cause electrical failures after encapsu- 
lation. The substrate is then given additional hot tap 
water rinses at stations 36 and 37. 

Following these rinses, the photo resist is 
removed from the substrate at station 38, preferably 

25 by a high pH alkaline fluid such as a solution of water 
and sodium hydroxide, although other photo resist 
removal fluids may be used according to the charac- 
teristics of the photo film. This exposes the silver 
which had been under the photo resist. Then the sub- 

30 strate is again given spray hot tap water rinses at sta- 
tions 39 and 40. The water as an effluent is not 
recirculated. 

Next, at station 41, copper is removed or stripped 
from the substrate where exposed. Copper under the 

35 silver is retained. At the next or dragout (D.O.) station 
42, the substrate is spray rinsed to lessen the amount 
of contaminants in the machine's effluents, after 
which the substrate is subjected to a cold deionized 
water rinse to remove any chemicals from its surface. 

40 In the next stations 44 and 45, the substrate is 
given hot deionized water spray rinses which are dis- 
posed of. This is followed by air drying at station 46 
by an air knives using jets of clean dry compressed air 
designed to blow liquid from all surfaces of the strip. 

45 At the next station 47, forced hot air is directed at the 
substrate from heat guns, and the substrate is com- 
pletely dried whether it is moving at a low speed of 50 
inches per minute or at a high speed of 200 inches per 
minute. 

50 Next, the substrate passes through power roller 
47a and slack is introduced into the substrate strip at 
slack station 48. The strip is then cut at station 49, as 
for example into mini substrates of six lead frames 
(Fig. 2), downset at station 50, taped and packed at 

55 station 51 . Apparatus for performing these functions 
is available commercially from Possehl HKG Pre- 
cision Machining Company, located at 9-13 Wong 
ChukYeung St., Fotan, Shatin, New Territories, Hong 
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Kong. The cut and pack operations are required, but 
the downset and taped operations are optional. 

The continuous manufacturing apparatus and 
method described above has a number of features 
which are believed to be new and unique. 

The product is produced in a continuous oper- 
ation whereas in conventional apparatus the etch 
sheets or cut strips are produced in a separate oper- 
ation. The conventional method increases handling 
and results in an increased number of rejects. 

By using a continuous operation, the manufactur- 
ing process is reduced by days or evenweeks to less 
than an hour, actually less than 30 minutes. 

The continuous process is repeatable and results 
in a substantial increase in quality of product as com- 
pared with a product produced in a batch operation or 
in separate operations. Also, in the continuous pro- 
cess of the present invention, the functional areas, La 
the lead frames, are preplated in a precise manner 
and at precise spot locations even though the sub- 
strate is being continuously fed from a reel, thereby 
avoiding the need to process cut mini strips of lead 
frames in a separate operation. 

In zones 13 and 14, the substrate is registered so 
that the silver spots may be precisely placed. Units 13 
and 14 are positioned in precise relationship to each 
other. The plating apparatus and the registration 
mechanism are mounted on the same stainless steel 
support plate to insure proper placement of the sup- 
port spot. 

In zones 23 and 24, the same situation exists and 
the exposure equipment in chamber 23 and the regi- 
stration mechanism in zone 24 are mounted on a com- 
mon stainless steel plate. 



Claims 

1. Apparatus for continuously producing a strip of 
lead frames for integrated circuit dies and the like, 
said apparatus comprising 

means (1 ) for feeding continuously a flexi- 
ble strip of platable selected metal material to 
serve as a substrate, 

means (13) for selectively spot plating said 
continuously-fed substrate with a metal at pre- 
determined precise locations, 

means (21) for laminating a photosensitive 
film to both faces of said spot plated continuously- 
fed substrate, 

means (23) for positioning a specific opa- 
que design in registry on both faces of said lami- 
nated continuously-fed substrate, 

means for exposing to high intensity light 
the photosensitive film having an opaque design 
positioned thereon, 

means (26) for applying development 
chemical to said film, 



means (27,28) for washing away the non- 
exposed portion of film to expose selected areas 
of metal plating, 

means (29) for removing the exposed 
5 metal plating from the surface of said substrate, 

and 

means (32) for etching away exposed 
areas of substrate. 

10 2. Apparatus according to claim 1 , wherein means 
(9) are provided for giving the substrate a copper 
strike prior to the selective spot plating of silver to 
promote adhesion of the silver. 

15 3. Apparatus according to claim 1 or 2, wherein 
means (12,15) are provided for producing slack 
areas in the substrate strip to provide a register- 
stop-register motion to the strip to allow for selec- 
tive spot plating while the strip is stopped. 

20 

4. Apparatus according to any of claims 1 to 3, whe- 
rein the means for positioning a specific opaque 
design in registry on both faces of said laminated 
substrate comprises a matched set of glass 

25 plates, 

and means for simultaneously closing the 
glass plates upon both faces of said substrate. 

5. A continuous method of producing a strip of lead 
30 frames for integrated circuit dies and the like, 

comprising 

feeding continuously a flexible strip of plat- 
able metal material to serve as a substrate, 

selectively spot plating said substrate with 
35 a selected metal at predetermined precise loca- 
tions, 

laminating a photosensitive film to both 
sides of said spot plated substrate, 

positioning a specific opaque design in 
40 registry on both sides of said laminated substrate, 
exposing to high intensity light the photo- 
sensitive film having an opaque design posi- 
tioned thereon, 

applying developing chemical to said film 
45 to develop the opaque design portion of the film, 
washing away the non-exposed, non-de- 
veloped portion of film to expose selected areas 
of the metal plating, and 

removing said exposed metal plating from 
so the surface of the substrate. 

6. A method according to claim 5, including selec- 
tively spot plating the strip with silver. 

55 7. A method according to claim 6, including the step 
of removing silver plating from areas of substrate 
where the plating did not dissolve in the etchant. 
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8. A method according to claim 6 or 7, including giv- 
ing the metal strip which forms the substrate a 
copper strike to promote the adhesion of 
additional subsequently applied silver plate ma- 
terial. 5 

9. A method according to claim 8, including stopping 
the strip at selected areas to provide for a regis- 
ter-stop-register method of applying selective 
spot plating while feeding the strip substrate con- 10 
tinuously in other areas. 

1 0. A continuous method for producing a strip of lead 
frames for integrated circuit dies, comprising 

feeding continuously a strip of platable ma- is 
terial into apparatus for making a strip of lead 
frames so that the strip serves as a substrate hav- 
ing upper and lower faces, 

cleaning and preparing the substrate for 
plating with copper in zones 1 -8 of the apparatus, 20 

plating both faces of the substrate with 
copper in a continuous manner to a thickness of 
5 to 10 microinches in zones 9-11 of the appara- 
tus, 

selectively silver plating the upperfaces of 25 
the substrate to a thickness of 100 to 150 micro- 
inches in zones 12-19 of the apparatus, 

simultaneously laminating both faces of 
the substrate with a photosensitive film, 

exposing selected portions of the film to 30 
high intensity light and developing the exposed 
film which is retained on the strip as a resist film 
and washing away the unexposed, undeveloped 
film to reveal the outlines of a mini strip of six lead 
frames in zones 23-28, 35 

removing the exposed silver from the sub- 
strate in zones 29-31, 

removing the exposed areas of the sub- 
strate by etching the substrate in FeCI 3 in zones 
32-1 through 34, 40 

stripping silver from extraneous edges 
under the resist film edges in zones 35-37, 

removing the resist film from the substrate 
in zones 38-40, 

removing any copper plating from the sub- 45 
strate in zones 41-43, 

rinsing the substrate clean and air drying it 
in zones 44-47, and 

taping, downsetting, cutting and packing 
the substrate into mini strips of six lead frames. 50 

11. A continuous method of producing a strip of lead 
frames for integrated circuit dies, comprising the 
steps of 

preplating a continuously fed substrate 55 
with silver at predetermined spot locations, 

thereafter applying to the continuously fed 
substrate a photo-sensitive film and a photo- 



mask having a predetermined design, 

exposing the film while temporarily station- 
ary while other portions of the strip are being con- 
tinuously fed, 

developing the film, 

removing exposed silver, 

and etching to form the lead frames. 
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